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ABSTRACT 
RADIOLOGICAL MONITORING OF SELECT FAUNAL SPECIES 
INDIGENOUS TO ENVIRONS OF THE MAXEY FLATS 
SHALLOW LAND BURIAL FACILITY 
Robert Bruce Burns 
Morehead State University, 1983 
Director of Thesis: 
This study examines the radionuclide concentrations 
of faunal species indigenous to the environs of the Maxey 
Flats Shallow Land Burial Facility located in northeastern 
Kentucky. The sample species were limited to the smokey 
shrew (Sorex fumeus), short-tailed shrew (-Blarina 
brevicauda), white-footed mouse (Peromyscus leucopus), 
and the eastern box turtle (Tex,rapene c. carolina). Body 
·' 
fluids were analyzed for tritium by liquid scintillation. 
Whole body samples were ashed and analyzed for gamma-
emitting radionuclides. 
The most abundant gamma-emitting radionuclide 
encountered was potassium-4O. The smokey shrew exhibited 
the greatest concentrations of gamma-emitting 
radionuclides. The smokey shrew also exhibited the 
greatest tritium concentration. 
i 
With the exception of cesium - 137, the gamma-
emitting radionuclides identified in this study were 
endogenous. The cesium - 137 concentrations may be 
attributed to global fallout from nuclear bomb testing. 
The disposal facility did not seem to have influenced 
the concentrations of gamma-emitting radionuclides 
assimilated by faunal species sampled. 
The concentrations of tritium measured indicate that 
tritium from the disposal facility has entered the 
biological systems of faunal species in the .immediate 
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CHAPTER I 
INTRODUCTION AND LITERATURE REVIEW 
Purpose 
Information concerning the concentrations of 
radionuclides assimilated by wildlife is essential in 
determining the env,ironmental impact of waste disposal 
facilities. The purpose of this.study was to determine 
the concentrations of radionuclides assimilated by four 
faunal species indigenous to environments surrounding 
the Maxey Flats Shallow Land Burial Facility. This 
research was the first wildlife study conducted at the 
facility and will be compared with other Maxey Flats 
studies to determine thE; environm_ental impact of the 
·facility. The uptake of radionuclides by fauna in the 
' : 
surrounding area will be used to determine both rate and 
direction of local contamination. 
Scope 
The sample species used in this study were the 
smokey shrew (Sorex fumeus); the short-tailed shrew 
(BLarina brevicauda); the white-footed mouse (Peromyscus 
leucopus); and the eastern box turtle (Terrapene £· 
carolina). These species were chosen for the following 
reasons: 1) the availability of indigenous species; 
2) the opportunity to sample large numbers without 
causing a great impact on population numbers; 3) the 
burrowing habits of these animals; 4) food sources 
include ground dwelling animal matter. 
There are special reasons for sampling Terrapene 
c. carolina·; the shell provides _an excellent long term 
137 60 " 
resevoir for Cs and Co and the long life span of 
this turtle may provide inforrr,m::tion concerning time as 
a factor in accumulation rates. In captivity, 
individuals of the species have lived as long as 138 
years (Harless and Morlock, ,.1979). 
Habits of Sample Species 
The white-footed mouse (Peromy'scus leucopus) 
inhabits any place that offers shelter. It n"ests in 
burrows to a depth of one foot in the ground', - in trees, 
or in stumps. The major portion of this mouse's diet is 
plant material, but .it does feed on some insects. The 
white-footed mouse has a home rarige of _0.2 to 1.2 ha 
(Barbour and Davis, 1974). 
The smokey_ shrew ( Sorex fumeus) inhabits moist 
woodland areas where cover is provided by rocks, fallen 
trees, or brush. It's diet consists primarily of animal 
matter, such as earthworms and grasshoppers, and limited 
2 
amounts of plant material. This shrew has a home range of 
0.04 to 0.06 ha (Barbour and Davis, 1974). 
The short-tailed shrew (Blarina brevicauda) inhabits 
moist forests, and nests in dry leaves, grass, or hair, 
the nests are constructed beneath logs, stumps, or other 
debris (Burt and Gossenheider, 1976). This shrew may 
construct burrows which are just below the surface of the 
ground. The short-tailed shrew prefers a diet of animal 
matter such as insects, earthworms, snails, slugs, 
centipedes, millipedes, spiders, and show bugs. 
Salamanders, mice, and ~he young of ground nesting birds 
are sometimes eaten. Approxim~tely 20% of the food is 
represented by vegetable matter, including fruits, roots, 
beechnuts, and acorns. It has a home range of.,0.2 to 0.4 
ha (Barbour and Davis, ~974). 
' The eastern box tllrtles (Terrap.ene c.· carolina) is 
found in moist woodland areas.· ·Th~ir diet includes 
animal matter such as insects .. and earthworms. These 
turtles periodically drink water, but do obtain a great 
amount of fluid ·from the plants ingested. Turtles show a 
dietary change with age. The young consume 85% animal 
material and 10% plant material; .adults consume 88% 
plant material and 12% matter. _The young consume large 
amounts of -animal matter to supply calcium for the 
3 
construction of the carapace and plastron. The average 
home range diameter of this turtle is approximately 350 
feet. During temperature extremes, Terrapene .£. ·carolina 
will burrow into the ground. When burrowed, its shell is 
barely, but completely, covered with earth (Harless and 
Morlock, 1979). 
It has been suggested that the species most exposed 
to radionuclides are the detritovores, the arthropods and 
earthworms living in the forest floor litter. It has 
also been suggested that the species that consume 
arthropods and earthworms are the most probable 
radionuclide vectors (Kirby, et. al,, 198]. 
Generally, there are ·three modes of animal uptake 
of radioactive materials: 1) ingestion, 2) inhalation, 
and 3) direct contact. .Tritium· may be abso.rbed directly 
through the skin (Murphy and Holter, 1980) .. A diagram of 
the potential environmental exposure pathways is shown in 
Figure 1. 
Tritium was chosen as an indicator in this study for 
the following reasons: 1) its abundance in the burial 
facility (Operational Records); 2) its abundance in the 
off-site environment {Operational Re.cords); 3) the ready 
uptake by the animals; 4) the simple methods of analysis; 











































Figure 1. Potential Environmental Exposure Pathways at a Low-Level ~aste 
Burial Ground (Murphy et al, 1980). 
c.n 
The gamma-emitters were chosen for: 1) their 
abundance in the burial site (Operational Records); 
6 
2) their presence in the off-site environment (Operational 
Records); 3) their excellent data based in the environment. 
The majority of nuclides in wastes from power plants, with 
physical half-lives of greater than five years, are 
gamma-emitters (Razor, 1981). 
The Maxey Flats Controversy 
In December, 1974, the Kentucky Department for Human 
Resources released a report entitled "A History and 
Preliminary Inventory Report on the Kentucky Radioactive 
Waste Disposal Site". The report stated that radioactivity 
had been detected in the restricted environment of the 
Low-Level Nuclear Disposal Facility located in northeastern 
Kentucky (Figure 2). The conclusions and recommendations 
of this study were: 
1). The facil.ity was contributing radioactivity to 
the area environment, but the activity was not 
creating a public health hazard. 
2). Some samples collected showed the presence of 
man-made radionuclides in the unr,estricted 
environment. 
3). Further geological, hydrogeological, and 
climatological studies should be conducted 
to determine a profile for the site (Clark, 
1973). 
7 




Figure 2. Location of the Maxey Flats Shallow-Land Burial 
Facility. From the 1978-79 Interim Report of the 
Special Advisory Commit.tee on Nuclear Disposal, 
with Modifications (Legislative Research 
Commission, 1980). 
A follow-up report providing additional. data on 
the status of the disposal facility was released by the 
Department in December, 1976. The follow-up report 
concluded that the disposal facility was still 
contributing small amounts of radioactivity into the 
immediate environment, but it did not pose a public 
health hazard. The report also concluded that the major 
mode of environmental contamination was surface run-off. 
Surface run-off includes any wa~er on the surface of the 
ground, regardless of its origin. It was suggested that 
other modes, such as subsurface movement also contribute 
to environmental contamination; The report recommended 
that routine specific analysis of water and sediments 
from specific sampling stations be performed by the 
Radiation Control Branch of the Department for Human 
Resources and by the licensee (~lark, 1976) •. 
Sinca the first reports of the presence of 
radionuclides in the off-site environment) many studies 
have been conducted. These have included studies to 
determine the geological, hydrogeological, environmental 
impact, and site stability of the facility. Institutions 
involved in these studies include: Battelle Pacific 
Northwestern Research Laboratory; the University of 
California at Berkeley and Los Angeles; the Los Alamos 
8 
National Laboratory; the University of Arizona; the 
United States Geological Survey; and Dames and Moore, 
Environmental Consultants. The results of their ongoing 
research may be found in ."Research Program at Maxey Flats 
and Consideration of other Shallow Land Burial Sites," 
NUREG/CR-1982. 
Site Description 
In January, 1963, the Nuclear Engineering Company 
(NECO) was issued a license to operate the disposal 
facility and in May, 1963, the first radioactive material 
was buried at Maxey Flats. The major users of the 
facility included hospitals, power plants, and various 
industries. Most waste materials- were shipped to the 
facility in 210 liter drums, wooden crates, or cardboard 
boxes and buried in their-shipping containers. Most of 
the solid wastes were buried in large rectan,gular trenches 
that ranged from 5 to 20 meters in length, 3 to 22 meters 
in width, and 3 to 10 meters in depth. When filled, the 
trenches were capped with a minimum of one meter of soil. 
The cap was mounded to encourage run-off and shallow-
rooted ground cover was planted to reduce erosion and 
increase evapotranspiration. Liquid wastes were 
solidified, on site, by mixing them with cement and paper. 
This mixture was then poured into polyethelene lined 
trenches (Clark, 1976). 
From 1963, through site closure in 1977, 135,000 m3 
of -wastes were buried at Maxey Flats. The volume of 
wastes buried at Maxey Flats· has been estimated to 
contain over 2.4 million curies of by-products materials, 
over 240,000 kg of special nuclear material, and 64 kg of 
plutonium (Operational Records). 
The burial trenches geologically lie within the 
Nancy Member of the Borden Formation (Figure 3). The 
Nancy Member consist of shale and sandstone interbeds. 
A significant fraction of shales contain potassium and 
are capable of absorbing the series radionuclides. 
Shales generally contain mean values of 2.7 percent 
potassium and 3.7 ppm uranium (Eisenbud, 1973). 
The sandstone is composed of medium sized grains. 
Feldspar, containing potassium, may be ·included in the 
grains. The impure sandstones, consisting of clay 
minerals and grains of heavy metals, are the highest in 
radioactivity, containing two to three percent potassium. 
Quartz grain sandstone generally contains less than one 
percent potassium, less than two ppm thorium, and less 
than one ppm uranium (NCRP, 1975). 
Water is discharged from the facility by three 
routes: 1) surface run-off, 2) interflow through the 
10 
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modifications (Legislative Research 
Commission, 1980). 
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shallow soil zones, and 3) subsurface bedrock flow 
(Figure 3). These routes form potential water pathways 
for the migration of radionuclides from the facility. 
Due to the extensive grading and earthmoving and a 
natural dip in the strata, the land surface slopes south-
easterly, channeling most surface run-off into a main 
east drainage channel (Zenher, 1976). 
12 
CHAPTER II 
METHODS AND MATERIALS 
Trapping P-rocedures 
Trapping sites were established in the vicinity of 
the three major channels that drain the disposal facility 
(Figure 4). These areas are covered by decidious forest 
consisting mainly of oak, hickory, and maple trees. 
Animal cover is provided by brush, logs, and, rocks .. 
Mouse-sized snap traps were randomly placed in areas that 
appeared to offer suitable habitat for the species being 
sought. The traps were checked and rebaited with peanut 
butter daily. Traps were discharged over the weekends 
because of the rapid dehydration of the small mammals 
after death. When a sample was recovered, it was placed 
in a zip-top bag, and labeled with the species name, 
collection locality, and date of capture. The sample was 
then frozen until prepared for analysis. The trapping 
began in July, 1981, and continued through December, 1981. 
The capture of Terrapene ~- carolina was performed 
by searching the forest surrounding the facility. These 














Figure 4. Approximate locations· of tr~pping sitSs 
outside the restricted area of the 
Maxey Flats Shallow Land Burial Facility. 
A composite of U. S. G. S. quadrangle maps 
with updates--Oct_ober, 1978. 
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Aquisition of Body Fluids 
for Tritium Analysis 
( 
Mammalian body fluids were obtained by making an 
incision from the xiphisternum to the anus and folding 
the skin laterally. Internal organs were removed and 
fluids extracted with a vacuum funnel. Because tritium 
is not selective for any one organ and the quantity of 
body fluids in these mammals is small, no effort was made 
to distinguish between fluids from different tissue 
components. Any fluids remaining in the body cavity were 
collected with a syringe. The fluid was centrifuged at 
1500 rpm until separation of liquid from matter was 
evident. Only the liquid portion was transferred into 
vials and used for tritium anilysis (Horrocks, 1973). 
Body fluids from ·Terrapene .£· carcil'ina were 
obtained by separating the carapace from the plastron and 
removing the internal organs. Fluids were removed with a 
vacuum funnel. The fluids that remained in the carapace 
were collected with a syringe. Attempts to separate the 
solid constituents from the liquid by centrifugation 
proved to be ineffective. Therefore, to obtain a 
homogenous sample necessary for scintillation analysis, 
aezoetrophic distillation was performed using benzene. A 
ratio of 20 ml fluid to 50 ml of benzene was used to 
15 
obtain 10 to 20 ml samples (NCRP, 1976). The sample and 
solvent were placed in a flask and allowed to reflux. 
Benzene, having a lower boiling point than the body 
fluids, was distilled and collected in a Barrett water/ 
oil collecting tube. As the body fluids condensed and 
collected in the tube, they separated from the benzene 
which formed the top layer of the sample. The benzene 
was pipetted off and discarded. The fluid layer was 
pipetted into scintillation vials. A new pipette tip was 
used for each sample to prevent the possibility of cross 
contamination. 
"Insta'gel," used as the scintillator, was added to 
each sample. Samples were ·analyzed for tritium in a 
Hewlett-Packard Tri-Carb Liquid Scintillation Counter for 
300 minutes. 
Sample Preparation for 
Gamma Ray Spectroscopy 
This procedure is a mo~ification of the procedure 
used by Eberline Environmental Service to p_repare bone 
for analysis of non-volatile radionuclides. 
Care was taken during the preparation of a sample 
not to allow the oven temperature to exceed 450°C. 
Biological samples can be ashed without loss of 37cs if 
the oven temperature does not exceed 450°C (Chandrasekaran, 
1981) . 
16 
Whole body samples were placed in evaporating dishes 
and ashed in a Form-8 oven at 300°C for 12 to 16 hours. 
The charred samples were ground with a mortar and pestle 
and transferred to petri dishes for analysis. Evaporating 
dishes and the mortar and pestle were thoughly cleansed 
with nitric acid before each preparation to prevent the 
possibility of cross contamination. The samples were 
analyzed for gamma-emitting radi,onuclides using a Nuclear 




The purpose of this study was to determine the 
concentrations of radionuclides assimilated by four 
faunal species indigenous to environments surrounding the 
Maxey Flats Shallow Land Burial Facility. The sample 
species were limited to the smokey shrew (Sorex fumeus); 
the short-tailed shrew (Blarina brevicauda); _the white-
footed mouse (Peromyscus leucopus); and the eastern box 
turtle (Terrapene .£· carolina). .All the_ wildlife samples 
were statistically analyzed with respect to gamma-emissions. ' . 
. . 
Sufficient body fluids· for tritium analysis were obtained 
from 34 of the 76 wildlife samples.; therefore· only these 
. ' •• i 
34 samples were statistically ana:l_yzed with respect to 
tritium. For the purpose of statistical analyses, 
radionuclide concentrations less than the limit required 
for detection were interpeted as·being at that limit. 
An analysis of variance CANOVA) was performed· using 
a two between, one within BMDP statistical package. A 
Duncan's Multiple Range Test was performed on main effects 
showing a significant difference. The BMDP ANOVA indicated 
a significant difference in species! (3, 64) = 31.47 E. = 0.00, 
radionuclides ! ( 2, 128) = 86. 96 .!?. = 0. 00, and between the 
18 
interaction of species/radionuclides ! (6, 128) = 22.43 
.E = 0.00. The BMDP ANOVA indicated no significant 
difference in location, or between the interaction of 
location/species, radionuclide/location, oi r~dionuclide/ 
location/species (Table I). 
At the e< = . 05 level, the smokey shrew showed a gamma 
radionuclide concentration significantly higher than any 
of the other species studied. The mean gamma radionuclide 
concentration for the smokey shrew was 5.19 pCi/g live 
weight. The gamma radionuclide concentrations for the 
white-footed mouse was also si_gnificantly different from 
all the other species studied. The mean concentration of 
gamma-emitting radionuclides for the white-footed mouse 
was 1.66 pCi/g live weight. No·-significant difference in 
gamma-emitting radionuclide concentrations was found 
between the short-tail.ed shrew and the eastern box turtle. 
The mean gamma-emitting radionuclide concentr~tions for 
the short-tailed shrew and the eastern box turtle were 
1.56 pCi/g and 0.55 pCi/g live· weight; respectively 
(Table Il, Figure 5). 
At the e< = . or level, the smokey shrew showed a 
•. 
significant difference in gamma-emitting radionuclide 
concentrations from all other species studied. At this 
level, no significant difference was indicated between the 
19 
TABLE I 
DEPENDENT VARIABLE POTASSIUM, RADIUM, CESIUM 
ANALYSIS OF VARIANCE USING BMDP ANOVA STATISTICAL PACKAGE 
Source Sum of Squares DF Mean Square 
Location 8,85260 2 4.42630 
Species 529,31970 3 176.43990 
Location/Species 9.96130 6 '1,49355 
Nuclide 760,05421 2 382.52711 
Nuclide/Location 18.11266 4 4.52816 
Nuclide/Species 592.03278 6 98,67213 





















DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE SPECIES CONCENTRATIONS 
Means with the same letter are not significantly different 
Alpha Level = .05 DF = 64 MS = 5.60615 
Grouping Mean N Species 
A 5.190370 18 Smokey Shrew 
B l.658280 31 White-footed Mouse 
C B 1.557778 15 Short-tailed Shrew 
C 0.548333 12 Eastern Box Turtle 
TABLE III 
DUNCAN'S Multiple RANGE TEST FOR VARIABLE SPECIES CONCENTRATIONS 
Means with the same letter are not significantly different 
Alpha Level = .01 DF = 64 MS= 5,60615 
Grouping Mean N Species 
A 5,190370 18 Smokey Shrew 
B 1.658280 31 White-footed Mouse 
B 1.557778 15 Short-tailed Shrew 













































Figure 5. Total Gamma Radionuclide Concentrations by 
Species Concentrations in pCi/g Live Weight. 
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white-footed mouse, short-tailed shrew, or the eastern 
box turtle (Table III, Figure 5). 
The most abundant gamma-emitting radionuclide 
encount .. ered was potassium - 40, with a mean concentration 
. 
of 5.93 pCi/g live weight. At the a= .05 and a= .01, 
potassium - 40 concentrations showed a significant 
difference from the radium - 226 and cesium - 137 
concentrations. The concentrations of radium - 226 and 
cesium - 137 did not differ significantly. Radium - 226 
and cesium - 137 showed mean concentrations of 0.68 pCi/g 
and 0.28 pCi/g live weight, respectively (Tables IV and V, 
Figure 6). 
Potassium - 40 
24 
The smokey shrew exhibited the highest concentrations 
of potassium-40, wi·th a mean concentration of 13.03 pCi/g 
live weight. The concentrations-of 4 °K assimilated by 
this species differed significantly from all other species 
studied at both the .05 and .01 alpha levels. No 
significant difference in 4°K concentrations were found 
between the white-footed mouse and short-tailed shrew at 
either the .05 or .01 alpha levels. The mean concentration 
of 4°K for the white-footed mouse and the short-tailed 
shrew were 4.49 pCi/g and 4.13 pCi/g live weight, 
respectively. The concentrations of 4°K assimilated by 
TABLE IV 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE GAMMA-EMITTING RADIONUCLIDES 
Means with the same letter are not significantly different 
Alpha Level = .05 DF ·= 128 MS = 4.39881 
Grouping Mean N Nuclide 
-- ---------
A 5.934211 76 Potassium - 40 
B 0.681974 76 Radium - 226 
R 0.283026 76 Cesium - 137 
TABLE V 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE GAMMA-EMITTING RADIONUCLIDES 
Means with the same letter are not significantly different 
Alpha Level = .01 DP = 128 MS = 4.39881 
Grouping Mean N Nuclide 
---·-·----
A 5.934211 76 Potassium - 40 
B 0,68l874 · 76 Radium 226 







































Figure 6. Variable Gamma Radionuclide Abundance in 
pCi/g Live Weight. 
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the eastern box turtle were significantly lower than all 
other species studied at the .05 and .01 alpha levels. 
The mean concentration of 4°K assimilated by the eastern 
box turtle was 1.28 pCi/g live weight (Tables VI and VII, 
Figure 7). 
Radium - 226 
At the .05 alpha level, the concentrations of 226Ra 
assimilated by the smokey,shrew differed significantly 
from all other species studied. The mean concentrations 
of 226Ra assimilated by the smokey shrew was 1.87 pCi/g 
live weight. No signif1cant concentration difference o_f 
226Ra was shown·· b~twe~n the short-tailed· shrew, white-
footed mouse, or the eastern box turtle. The mean 
concentration of 226Ra assimilated by the short-tailed 
shrew was 0.38 pCi/g_ live .weight. The mean concentrations 
of 226Ra for the white-footed mouse and the. e_astern box 
turtle were 0.34 pCi/g and 0.16 pCi/g live weight, 
' l 
respectively (Table VIII, Figure 8). 
At the . 01 alpha level, no signific(!.n't :.difference 
of 226Ra concentrations was indicated betwee~ any of the 
species studied (Table IX, Figure 8). 
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TABLE VI 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 40K 
Means with the same letter are not significantly different 




















Eastern Box Turtle 
TABLE VII 
DUNCAN"S MULTIPLE RANGE TEST FOR VARIABLE 4oK 
Means with the same letter are not significantly different 
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Figu1·,! 7. Variable 4°K Concentrations by Species 
Concentrations in pCi/g Live Weight. 
31 
TABLE VIII 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 226Ra 
Means with the same letter are not significantly different 
Alpha Level= .05 DF = 128 MS= 4.39881 
Grouping Mean 
C 1.870556 












Eastern Box Turtle 
TABLE IX 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 226Ra 
Means with the same letter are not significantly different 
Alpha Level = -.01 DF = 128 MS= 4,39881 
Grouping Mean N Species 
C 1.870556 18 Smokey Shrew 
C 0,375333 15 Short-tailed Shrew 
C 0.340645 31 White-footed Mouse 











































Smokey Short-tailed White-footed Eastern Box 
Shrew Shrew Mouse Turtle 
Figure 8. Variable 226Ra Concentrations by Species 
Concentrations in pCi/g Live Weight. 
34 
Cesium - 137 
N . "f" t d"ff · 
137c t· o signi ican i erence in s concentra ions 
was observed between any of the species studied at either 
the .05 or .01 alpha levels. The smokey shrews 
exhibited the highest concentrations of 137cs, with a 
mean of 0.67 pCi/g live weight. The white-footed mouse 
exhibited the lowest concentrations of 
137
cs, with a 
mean of 0.14 pCi/g live weight .. The mean concentrations 
of 137cs assimilated by the eastern box turtle and the 
short-tailed shrew were 0.20 and 0.17 pCi/g live weight, 
respectively (Tables X and Xi, Figure 9}. 
Tritium 
A SAS ANOVA was performed with those wildlife 
samples that yielded body fluid sufficient for the 
analysis of tritium concentrations, The ANOVA showed a 
significant difference in species F ( 3, 23) = 4. 66 E. = 0. 01 
(Table XII). 
The smokey shrew exhibited a concentration of 
tritium significantly higher than any of the species 
studied at both the .05 and .01 alpha levels. The mean 
concentration of tritium assimilated by the smokey shrew 
was 312.58 pCi/ml. 
The eastern box turtle exhibited a concentration of 
tritium significantly lower than any of the species 
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TABLE X 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 137cs 
Means with the same letter are not significantly different 
Alpha Level= .05 DF = 128 MS= 4.29881 
Grouping Mean N Species 
C 0.672778 18 Smokey Shrew 
C 0.197500 12 Eastern Box Turtle 
C O.l'/1333 15 Short-tailed Shrew 








DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 137cs 
Means with the same letter are not significantly different 


























































Eastern Box Short-tailed White-footed 
Turtle Shrew Mouse 
Figure 9. Variable 137cs Concentrations by Species 
Concentrations in pCi/g Live Weight. 
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• 
studied at both the .05 and .01 alpha levels. The mean 
tritium concentration assimilated by the eastern box 
turtle was 41.05 pCi/ml. The mean concentrations of 
tritium assimilated by the short-tailed shrew and white-
footed mouse were 237.26 pCi/ml and 152.64 pCi/ml, 
respectively; the concentrations did not differ 
significantly at either the .05 or .01 alpha levels 
(Tables XIII and XIV, Figure 10). 
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TABLE XII 
ANALYSIS OF VARIABLE TRITIUM USING SAS ANOVA STATISTICAL PACKAGE 
Sum of 
Source Squares DF Type IV SS F Value PR> F 
Location 3268.0571 2 4892.81419515 0.37 0.6948 
Species 41042.423 3 92421.37762981 4.66 0.0110 
Location/ 9494.4318 5 35647.31053737 1.08 0.3982 
Species 
, TABLE XI II 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 
3
H 
Means with the same letter are not significantly different 
Alpha Level = .. 05 DF = 69 MS = 6611.8 
Grouping Mean N Species 
A 312.583333 6 Smokey Shrew 
B A 237.260000 5 Short-Tailed Shrew 
B 152.636364 11 White-footed Mouse 
C 41.050000 12 Eastern Box Turtle 
TABLE XIV 
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE 3H 
Means with the same letter are not significantly different 
Alpha Level= ,01 DF = 69 MS= 6611,8 
Grouping Mean N Species 
A 312.583333 6 Smokey Shrew 
B A 237.260000 5 Short-tailed Shrew 
B 152,636364 11 White-footed Mouse 





















Figure 10. Variable 3H Concentrations by Species 
Concentrations in pCi/ml Live Weight. 
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CHAPTER IV 
DISCUSSIONS AND CONCLUSIONS 
Extensive radiological monitoring studies of 
botanical species have been performed by Battelle Pacific 
Northwest Laboratory at the Maxey Flats Disposal Facility. 
In the fall of 1981, 
4
°K was found in newly fallen leaf 
samples collected from the perimeter of the site. These 
values ranged from 1 to 3 pCi/g dry weight. Cesium - 137 
was measured in the newly fallen leaf samples, with 
values ranging from 0.02 to 0.20 pCi/g dry weight (Kirby 
et al . , 198 3) . 
Newly fallen leaf samples collected in 1981 showed 
the presence of 60co in very small amounts, with the 
' . . 
exception of two locations. These locations showed 
levels approximately ten times the levels found in the 
other sample locations. These data revealed that 60co is 
avai.lable to trees in localized areas. The source of the 
60co may have originated from the site from spillage 
during the processing of trench water (Kirby et al., 1983). 
In 1981, tritium concentrations present in leaf 
water extracted from oak trees growing around the 
perimeter of the disposal facility indicated that tritium 
from the facility had entered the transpiration processes 
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of these trees. The tritium concentrations ranged from 
48 to 560 pCi/ml. Maple tree sap was also analyzed for 
tritium concentrations. These concentrations ranged 
from 30 to 151 pCi/ml for the 1981-82 sampling period 
(Kirby et el,,1983). 
Agricultural vegetation samples analyzed by the site 
licensee have shown tritium concentrations ranging from 
1.5 to 25.8 pCi/ml. These samples showed concentrations 
of 4°K, ranging from 1.5 to 18 pCi/g (Operational 
Records, 1981). 
Soil samples from the immediate area surrounding the 
facility have been analyzed for gamma,-emitting 
radionuclides. These analyses have shown the presence 
of 4°K, with values ranging from 17 to 26 pCi/g. 
Radium - 226, with conc~nt,rat.ions ranging from . 95 to 
2.2 pCi/g. 
60 " 137 · . . . 
Exogenous ,Co and Cs concentrations 
ranged from .081 to .47 pCi/g and .47 to .51 pCi/g, 
respectively (Operational Records, 1981). 
Potassium - 40 was measured in all faunal samples 
collected. These values ranged from 0~83 to 21 pCi/g 
live we.ight, and had a mean of 5.93 pCi/g live weight. 
· 226 
Analysis of fauna showed that the amount of Ra 
assimilated ranged from 0.01 to 4.4,0 pCi/g live weight, 
with a mean of 0.68 pCi/g· live weight. Cesium-137 
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measured in fauna showed values ranging from 0.03 to 1.40 
pCi/g live weight. The mean faunal concentration for 
137cs was 0.28 pCi/g live weight. No 60co was found in 
any of the species analyzed in this study. Tritium was 
present in species analyzed. The tritium concentrations 
ranged from 2.3 to 562 pCi/ml, with a mean of 153.92 
pCi/ml. 
With the exception of 137cs, the gamma-emitting 
radionuclides encountered in this study were endogenous. 
The presence of these radionuclides would not necessarily 
show influence of the disposal facility on the fauna 
studied. 
The concentrations of 137cs assimilated by fauna 
indigenous to the environs of'the disposal facility may 
be attributed to fallout from nuclear bomb testing; they 
appear not to be influenced by ~he disposal. facility. 
The 137cs concentrati~ns in the forest floor litter 
at the Maxey Flats Facility are low when compared to 
other forests in the United States. The co.ncentrations 
of 137 Cs found in· the Cascad_e Mountains, Washington were 
as high as 35 pCi/gm' dry weight. The concentrations of 
137cs found in the vicinity of the Savannah River, 
Tennessee, were as high as 14 pCi/gm dry weight. The 
"137 · concentration of Cs at the Maxey Flats Disposal 
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Facility was found to be approximately 4 pCi/g dry weight 
(Kirby et al., 1983). 
The concentration of tritium assimilated by fauna 
appears to be comparable to the concentrations in the 
sample trees surrounding the disposal facility. which was 
reported by Kirby, 1983, as being in excess of background 
concentrations. A control leaf sample from the vicinity 
of Cave Run Lake, Kentucky, showed a tritium concentration 
of 2.4 pCi/ml. The tritium conqentrations found in 
leaves near the Maxey Flats Shallow Land Burial Site 
ranged from 48 to 560 pCi/ml. This would indicate that 
tritium from the disposal facility has entered the 




Radionuclide concentrations of four faunal species 
indigenous to the environs of the Maxey Flats Shallow 
Land Burial Facility were determined for environmental 
monitoring purposes. The smokey.shrew (Sorex fumeus), 
the short-tailed shrew (Blarina brevicauda), the white-
footed mouse (Peromyscus leuc6pus), and the eastern box 
turtle (Terrapene £· carolina) were analyzed for 
concentrations of gamma-emitting radionuclides and 
tritium to determine the environmental impact of the 
facility on ~elected fauna. 
Sample analysis by gamma-spectroscopy showed the 
presence of 4°K, 226Ra, an~ 137cs. With the exception 
Of 137cs, the "tt· d" 1·d t d gamma-emi ing ra ionuc i es. encoun ere 
in this study were endogenous and not influenced by the 
disposal facility. The concentrations of 137cs may be 
attributed to bomb testing. 
Sample analysis by liquid scintillation showed the 
presence of tritium. These concentrations were compared 
to other environmental moni taring programs (Kirby et al. , 
1983 and Operational Records, 1981), and show that the 
disposal facility did influence tritium concentrations 
in the species studied. 
48 
The smokey shrew exhibited the greatest 
assimilation of gamma-emitting radionuclides, as well 
as tritium. This may result from the small size and· 
food preference of this mammal. For future radiological 
monitoring of fauna, the smokey shrew may be an important 
indicator species. 
This study examined the tritium concentrations in 
body fluids. A future study should examine the 
concentrations of organically bound tritium. 
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SPECIES: Sorex fumeus 
SAMPLE# DATE LOCATION WEIGHT 
16 8/09/81 East · 2. 87 < 0.58 < 1,60 17.4 (2.9) NA 
24 8/14/81 West 2,87 < 0.71 4,4 (0,5) 18,0 (3,2) NA 
6 8/19/81 South 2.89 < 1.40 < 2.70 < 21.7 NA 
(J1 
l,J 
18 8/26/81 South 2.87 .< 0,64 < 1.50 < . 9. 8 NA 
61 9/09/81 West. . 2. 82 < 0. 60· < 1.70 9.3 (5.8) NA 
47 9/10/81 South 2.84 < 0.30 '< 0.86 < 5.0 476 (5) 
62 9/10/81 West 2.87 < 0.65 < 1.80 12.9 (3.8) NA 
63 9/10/81 West 2.87 < 0.87 < 1. 70 20.4 (4.1) NA 
15 9/16/91 South 2.89 < 0.67 < 1.60 27.0 (3,6) NA 
2 9/18/81 East 2.82 1.40 < 2.90 < 16.6 NA 
APPENDIX A (Con't) 
SAMPLE# DATE LOCATION WEIGHT 
13 9/24/81 East 2.90 < 0.63 < 
21 9/29/81 East 2.86 < 0.63 2.4 
43 10/01/81 West 2.81 < 0.20 2.0 
39 10/09/81 West 2.86 < 0.65 < 
44 10/12/81 West 2.87 < 0.57 < 
45 10/12/81 West 2.88 < 0.66 < 
3 9/18/81 East 2.87 < 0.35 < 
17 9/18/81 West 2.86 < 0.60 < 
1.50 < 9.8 
( 1. 5) < 9.7 
(1.5) 10.2 (1.0) 
1.60 11.5 (5.7) 
1.80 12.3 (3.6) 
1.30 < 8.9 
0.71 < 5.4 

















SPECIES: Peromyscus leucopus 
SAMPLE# DATE LOCATION WEIGHT 137cs 
27 7/30/81 East 12.7 < 0,08 .28 (. 06) 3.5 ( . 4) < 2.28 
5 8/13/81 West 23.2 < 0.02 < 0.26 · < 4.00 NA 
12 8/13/81 
01 
South · 13.4 ;< 0.07 .59 (. 05) 5,8 ( , 50 NA 
.p. 
23 8/14/81 West 13.1 < 0,15 < 0.04 4.4 ( . 9) NA 
53 8/17/81 South 22 .. 1 < 0.10 < 0.28 2.3 ( . 5) 61.7 (1.1) 
54 8/17/81 South 13.1 < 0.17 1.4 ( .17) < 2.28 NA 
11 8/20/81 East 13.2 < 0.07 < 0.19 4.2 ( . 4) 484 (5) 
57 8/21/81 West 23,1 < 0,04 < 0.01 2.7 ( . 3) NA 
55 8/24/81 West 13.2 < 0.10 < 0.04 4,3 ( . 7) 60.7 (1.1) 
26 9/08/81 West 20.1 < 0.09 < 0.21 < 1.6 14.9 ( . 4) 
APPENDIX B (Can't) 
SAMPLE# DATE LOCATION WEIGHT 137Cs 
46 9/21/81 East 13.1 < 0,07 
33 9/22/81 West 11.6 < 0 .. 09 
51 9/24/81 West -20.3. < 0 .10 
7 9/28/81 West 13.0 < 0.28 
20 9/29/81 South 20.7 < 0.10 
52 9/29/81 South 23.0 < 0.44 
48 9/30/81 West 21.0 < 0 .10 
49 9/30/81 East 23.1 < 0.08 
50 9/30/81 East 13.1 < 0,15 
32 10/02/81 East 13.1 < 0.12 
226Ra 











2.7 ( • 3) 
6.3 ( . 5) 
4.9 ( . 5) 
< 5.6 
4.1 ( . 5) 
21. ( 3.) 
3.3 ( . 1 ) 
1.8 ( . 4) 
2.4 ( . 7) 














( 1. 3) 
01 
01 
APPENDIX B (Can't) 
SAMPLE # DATE LOCATION WEIGHT 
28 10/05/81 West 13.1 < 0 .16 
• 29 10/05/81 West 20.1 < 0 .13 
58 10/08/81 West 13.0 < 0 .15 
19 10/08/81 West 13.0 < 0 .15 
25 10/09/81 South 22.4 < o. 09-
8 10/12/81 West 13.0 < 0. 39 
9 10/12.81 West 13.0 < 0. 33 
64 12/09/81 East 13.1 < 0 .17 
65 12/09/81 East 22.7 < 0. 08 
60 12/09/81 East 22.3 .06 (. 02) 
59 12/10/81 West 13.0 < 0 .15 
< 0.40 3.7 ( . 0) 
< 0.32 < 2. 5 
< 0.34 6.9 ( 1. ) 
< 0.45 4.9 (. 8) 
< 0.22 2.7 ( . 5) 
< 0.75 5.8 
< 0.73 5.1 
< 0.34 6.7 (1.) 
< 0.18 3.1 ( . 5) 
< 0.12 3.1 ( . 3) 
< 0.37 2.1 ( . 9) 
33.7 ( . 7) 
33.4 ( . 7) 
NA 
NA 










SPECIES: Blarina brevicauda 
SAMPLE# DATE LOCATION WEIGHT 
137 Cs . 
31 8/06/81 East 13.0 < 0.15 < 0.30 51. ( . 8) 22.7 ( . 5) 
1 8/12/81 East i3.0 < 0.27 < 0.71 < 6.2 174 (3) 
(Jl 
22 8/17/81 East ,12.2 < 0.15 < 0.42 6.9 ( 1 . 0) NA 
-.,1 
35 8/18/81 East 13,0 < 0.16 < 0.37 5.3 (0.8) NA 
- . .. 
41 8/19/81 East 12.9 < 0.17 < 0.34 3.4 (0.7) 494 (5) 
42 8/19/81 East 13.0 < 0.17 < 0.32 < 2.6 464 (5) 
30 8/21/81 West 13-.6 < 0.08 < 0.18 3.1 (0.4) 31.6 (0.6) 
56 8/29/81 West 12.3 < 0 .16 . < 0,37 < 2.4 NA 
36 9/18/81 East 12.8 < 0.16 < 0.38 3.2 (0.9) NA 
37 9/18/81 East 13.0 < 0.07 < 0.21 3.3 (0.4) NA 
APPENDIX C (Con't) 
SAMPLE # DATE LOCATION WEIGHT 
34 9/21/81 East 12.0 
10 9/23/81 South 12.0 
40 9/29/81 South 12.9 
4 10/09/81 East 13.0 
38 10/09/81 West 12.8 
137 Cs 226Ra 40K 
0.09 (0.03) < 0.21 2.7 (0.5) 
< 0.41 < 0.66 6.3 
< 0.08 < 0.20 2.5 (0.4) 
< 0.30 < 0.55 4.8 









SPECIES: Terrapene c. carolina 
SAMPLE# DATE LOCATION WEIGHT 137Cs 
68 8/24/81 East 430 .09 (.009) .15 ( . 01) 1.2 ( .12) 13.8 ( . 4) 
69 8/11/81 East 420 .03 (. 003 .15 (.01) 1. 3 (. 06) 36.9 ( . 4) 
(J1 
1:9 
70 8/11/81 East 450 .12 (.009) .12 (.01) 1.3 ( .1) 47.4 ( . 3) 
71 8/11/81 South 420 ,03 '(,009) .10 (.0.1)' 1.5 ( . 1) 18.2 ( . 2) 
72 9/07/81 East 300 .40 ( . 10) .45 (.02) 1.5 ( .1) 11.3 ( . 1) 
73 9/07/81 East 460 .'03 (.003) .08 ( . 01) .83 (, 04) 12.9 ( . 1) 
74 9/10/81 South 360' .10 ( . 01) .21 ( . 01) .95 ( .11) 39.4 ( . 3) 
75 9/15/81 East 420 .12 ( . 005) .17 ( . 01) 1.1 (. 05) 69.3 ( . 3) 
. 
76 9/22/81 West 430 .10 ( . 01) < 0.03 1.1 ( .11) 101 ( . 4) 
77 9/25/81 East 390 .18 ( . 01) .24 ( . 01) .99 ( .13) 42.3 ( . 3) 












,07 ( ,005) .16 ( .01) 1.8 ( .09) 66.0 ( .3) 
1.1 (.02) .11 (.01) 1.8 (.13) 34.1 (,4) 
Gl 
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